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(54) STAGE CONTROL METHOD AND SCANNING ALIGNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the excitation of high- 
frequency oscillation of stage due to acceleration, by a method wherein 
a stage is continuously accelerated while increasing the time variation 
rate from the second value to almost zero from the fifth time to the 
sixth time for almost zeroing the acceleration of the stage in the sixth 
time. 

SOLUTION: For the stage control in Y direction, as for the functions of 
the time t, following factors are to be taken into consideration, i.e., Y 
position Y (t), Y directional velocity VY(t), Y directional acceleration a 
(t) and Y directional jerk Jy (t) from the acceleration starting time ts 
(=t10) as the first time to the acceleration finishing time tE (=t14) as the 
sixth time. Firstly, during the acceleration starting time t10 to the 
acceleration finishing time t14, the term from the time t13 to the time 
t14 is set up as the increasing term of the jerk Jy to zero. Besides, jerk 
JY (t) in respective terms is set up as the linear functions JLY (t) of the time t 
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ff-jt. «^0K7o. coai^^«^-rs«^iii^7 

2. Xlfl**El»7 6tt|||RfcHifiqaEt<:^t<0"C*> 

[0043] Ji^O i o y^mmz J: 0 . ^t&^s^s 
5 0*^m*$ix^i$S*^-fitV HX S-Bgffii:L-C. 
i^^f- ^jftSiKHtP^ 5 0 Xtf'7^\Xf—iS4 4 cr> 

sijffii^5 0 Y^xyN^^-^M 4<7)Yji\is}mm.£fflffl 

a. 

[0044] ^»3iJS^S5 oj&^ai^sn^ 
7tmmAT-~;3 4Wfflffl£i-LZ>. $^{-. ^x^u 

— rT^ff4 8 fc«fc oTH-aH^iX^^x^x^-^ 4 
[0045] <Kt. *Ht»B«fcJ3lt*^f— 2^W»<0 

isa^v^r. 03ayH4$r#H3tTijiBa-n,. ^ 
Y^rrfijicw-r^^x-^Jisptcov^TiftBj-n,. 

[0046] CCDY^-fSjtcpg-ri) ^T-^JffiltCib^o 
X . t oMSiti: LT, SSI OB^Mi: LT <7)jD)irai& 

b#£ij t. s ( = t , o ) t>m 6 of*^ij i: lt <d mmmTtif 
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Mt t < = t 14 ) St^YfilY ( t ) , YjjUnm 
JgVy ( t ) . YtfffljDilJgay ( t ) . RX/Yfjfti? 

J Y ( t ) =d (or y ( t ) 
= d 3 (Y ( t ) 

[004 7] JP3[rai&B#I«|t 10 3&>4>jD)$*l7^J 

LT^WBtuA-CWiBBt. £*r-?J, (t)*<0 

T«*Mti2*'C«JlllBfc. y-t—^Jy (t)#0*> 

Jly ( t ) =a n t + b n 
Jly < t ) = a 22 t + b ]2 
Jly (t) = a 1 3t+t>i3 
Jly (t)=a 14 t + b 14 
a !2> a 13 , a, 4> b n „ 

(t 12 — t-ij) < ( t 1 4 — t i 

^*fc:»4-r&»«ii«a»o»*S:«i«i-r htzibx-bh , 

a t y (t ) = (a u /2) t 2 
a Ly ( t ) = (a 12/ /2) t 2 
«ly (t ) = (a 13 /2) t 2 
a L y (t ) = (a 14 / 2) t 2 
2:5r& (03 (B) . c n , c 12 , 

V L y ( t ) = (a,,/6) t 3 
V L y (t ) = (a 12 /6) t3 
V LV ( t ) = (a 13 /6) t« 



V L y (t) = (a M /6> t 3 + 



fc*4 (03 (C) . d Us d 12 . 

d 13 . d 14 

Y L (t) = (an/24) t« 
+ d n t + e n 

Y L ( t ) = (a 12 /24 ) t« 
+ d, 2 t + e 12 

Y L (t) = (a„/24) t« 
+ d)3 1 + e J3 

Y u (t ) = (a M /24) t« 



^-?J y (t) -I<rT\ £*l£><0|§Jte«. 

)/dt = d2 (V» (t) )/d 2 t 
) /d* t - ( 1 ) 

t>m£-fz>mmt lt, m4<r>mmtLxcr>mmt 12 ^ 
^m5comitLxcr>mit l3 £X'C7)Mm£ . a*, a 
a* — $ j y ( t ) tfot.xsmisthfmt lt, u^it 
i8*»^*it u iT^jtaaS'isi^r*. <£Lt\ #j(bisi 

C:*Jtf6^>-?Jy (t ) ^B#[gtWl^MitJ 
ly (t) fcjRj&r«. 

[0048]f^, 03 (A) tZwiZtL&iolZ. 
(t,o^tgt n ) -(2) 
(t„StSt 12 ) -(3) 
(t I2 ^tSt ls ) -(4) 
(t 13 gtgt M ) -(5) 
[0049] *HJ£^^^^Tti, 

2 ) -(6) 

[0050] ±!fi<7) ( 2 ) - ( 5 ) sCtSo'lvC. JI& 
«5H"& i (c J: 0 , #B##J(c:fc(t.g>)!in3&ga 

ly ( t ) . au*v lY ( t ) . msftm.YL ( t ) 

[005 1 ] ■fKfo-lb, Wm.ai.1 ( t ) {4. 
+b u t+c n 

(t 10 gtgt„) -(7) 

+ b , 2 t + C j 2 

(t n Stgt 12 ) -(8) 

+ b] 3 t + Cj3 

(t 12 Stst 13 ) -(9) 
+ b M t + c 14 

(tjs^t^tn) -(10) 

[0052] tfz. mmv^ ( t > 

+ (b n /2) t 2 +c u t + d n 

(t 10 StSt u ) -(11) 
+ (b 12 /2) t 2 + c 12 t + d 12 

(t„gtgt 12 ) -(12) 
+ (b 13 /2) t 2 +c 13 t + d, 3 
(t 12 StSt 13 ) -(13) 
(bj 4 /2) t 2 +c M t + d u 
(t 13 gtSt H ) -(14) 
[005 3] &SY L (t ) (4, 



+ (b,,/6) t* + (c,,/2 ) t 2 
(t I0 StSt,,) -(15) 

+ (b 12 /6) t 3 + (c 12 /2 ) t 2 
(t„gtSt 12 ) -(16) 

+ (b I3 /6) t» + (cjs/2 ) t 2 
(t 12 Stgt 15 ) -(17) 

+ (b 14 /6) t 3 + (c 14 /2 ) t 2 
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+ dj4 t + e24 

e 12> 



t%h (us (d) mi) , zz.x' 

[00 54 3 Z'j LX, -Xtb^ixti (2) - (5) s^S. 
If (7) - ( 18) Sfr^CHEoGSSUu, bli , 
c,i- d,i. e u ( i = l-4) Sr. klT<7>2 Officii 
^fr^^-f-S (03#B1) . 
<» (2) ~ (5) sftC^vc, J LY (t) # % 

■Sfltn. t 12 , t 13 T'ii^i:^rl>^i: (Jj£#^tt3 
fl) . «rfc. J L y (t 12 ) =0 [m/s 3 ] 

• ( 7 ) - ( 1 0 ) £C£frv?, DBMKtZLv ( t ) 

•^LY (t 10 ) = J L Y (ti 4 ) 



(t 13 StSt H ) 

B§Mt u . t 12 . t 13 

fl) . 
» (11) 

fl) . 
® (15) 



- ( 18) 



~(i4) Rizteux. mmv^ ( t ) 

t„, t 13 -Cii^i:=5rSC:i: (^#^#3 
-(18) SfcfcWC . CBKY L ( t ) 

t 12 , t ls x'mmt%hzt im%4ktt-3 



xtmzmfc Lxmm t , 4 -tuoii *t**t l . ammm 

0 [m/ S 3 ] , 



«lv (tj 0 ) =« L y (t 14 ) =0 [m/s 2 ] 

• nmmomm. -ntbi&m t , 0 tasitsaK* v, , 

V LY (t 10 ) =V 10 [m/s] 
V LY ( t u ) =V H0 [m/s] 
•C^&Ci: (*i#^2fl) . 
® JMHBWKOYl ft«£Y 10 i;U Jd®^TB#OY l 

Y L ( t, 0 ) =Y lfl [m] , \ 
T'&&Ci: (igft£ft2fl) . 
[00 5 53 JSLb^cfc'jtcLT. Y^tJoS^nTV » 
«r*4WC*«WYfflB (=Y 10 ) &^%J«8Y^T|6]i$^ 
(=v lc ) m-?x;uf-y44^. Y^r|*]^>- 

?j y (t) srnwawfciiiiiswbs-ifoo. mmn&fM 

( = t u ) KWS*>Yffi« ( = Y M ) T0tM^Y^T^ 
Jg ( = V H0 ) Y#[6]^>-?J Y (t) , Y^r 

I^MEa, ( t ) . YS-|fiiaav Y ( t ) „ St^Yfi 

SY (t) <7)-MiM£&. 

[00 563 #K. m4lZnkZi\Z>£?%^ mMt i0 fr 

t>mm 1 1 2 iT^^-v-^atwsi t , 2 j&^ut^j 1 14 i 

Jy (t 10 ) = J LY (t 10 ) =0 [m/s» ] 
« Y ( t,„) = a LY (t 10 ) =0 [m/s*] 
V Y (t 10 ) =V LI (t 10 ) =V 10 [m/s] 
Y (t 10 ) =Y ( t 10 ) =Y 10 [m] 



- ( 19) 
S«rV W0 [m/s] i: LTs 



(20) 



(t M ) =Y, 4 [m] . - (2 1 ) 

warcwsYWK (=y 10 ) &vimYimam (=v 

10 ) CfcSAf- ^Sr, Y^fa^-r-? J Y (t) 

rawt:3S^{t$^o, EirMo^ (=t 14 ) izmm 
<?>yqm ( = y, 4 ) Twa<oY*i*iiSK ( = v H0 ) t-r 

5, Y*|fi]^>-^ J Y (t) . Y#|(rjiDi&g« 
y ( t ) . Y:frftj££V Y ( t ) . YftgY ( t ) 

zcotz. &fmt 10 fre>mmt l2 £x-cr>mfgi 

iZtmZ. YJ|4]yt-;J, (t) . YJlSlMla 

y ( t ) . Yjjftmmvv ( t ) . si/Y{iSY ( t ) 



■•(22) 



Jy 

Vy 



] 



(tu) =J LY (t 12 ) =0 [m/s 
(t 12 ) =tz LY (t J2 ) =« 12 [m/s 2 
(t lf ) =V LY (t 12 ) =V 12 [m/s] 



Y (t 12 ) =Y (t 12 ) =Y 12 [m] 



(23) 



*>H- 8 

[00 5 73 LJt^T, 



Y(4gY ( t ) zmnwam 

Y ( t ) =A 17 t7 +A 16 t 6 
+ A 12 t 2 +A n t 
ft&ZtlZi*). ( 2 2 ) Statf ( 2 3 ) *£8WM- 
*Y^-|tJ^>-^ J Y ( t ) , Y^(6jjD^S« 
t ( t ) . Y^|6]2USV y ( t ) , RVYQBY ( t ) 



+ A 14 t* 



+ A I3 ts 



( 24 ) 



+ A 15 t& 
+ A 10 

[00583 -ttchib , (24) ^T*§il-I» Y&gY 
( t ) SrM^^tf. 



V Y (t)=d (Y (t) )/dt 
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= 7A J7 t6 + 6A 16 t 5 +5A 15 t< + 4A, 4 t 3 
+ 3A 13 t 2 +2A i2 t +A U -(25) 
a y (t ) =d (V Y (t) ) /dt 

= 42A 17 ts +30Ai 6 t* +20A 15 t,3 
+ 1 2A H t 2 + 6A 13 t + 2A 12 - (26) 

J y (t ) =d (a Y (t) ) /dt 

= 2 1 0A I7 1« +1 20A, 6 +60A 18 t« 
+ 24A 14 t + 6Ai 3 - (27) 

(24) ~ (27) sSfciJUT, (2 2) 
X/ ( 2 3 ) 3S«r»jW*ffiR A, 0 -A, 7 Sr&Jg-f* i i: 
(C J: 9 , l^M t , o frh B§^l t , 2 * T'^ Y # ft V-t - ? J 



(t ) 
(t ) 



Y^jDiiiSay ( t ) . Yummmv 



[0 059] ifc. mMt lz frt>mMt li £X'COMf§llZ 
fcttS. Y^f6]^>-^J Y (t) , Y?j-[6|M£ay 
( t ) . Y^|p]^Vy ( t ) , RWYimY ( t ) # 



( t 14 ) — J L y 

( t 14 ) =a Ly 

(t 14 ) =v t , 



( t 14 ) =0 [m/s* ] 
( t 14 ) =0 [m/s 2 ] 
( t J4 ) =V S0 [m/s ] 



Y ( t M ) =Y ( t,« ) =Y 14 [m] 



(28) 



tf)ft-8fl§T-&&. 

t 0 0 6 0 ] Ltz&~>T. YfiMIY ( t ) &ffiftft<8B 

Y (t ) =B 17 f +Bi 6 t 6 
+ B 12 t 2 +B n t 

tu mtmmizL-amBKi^Bnzmm-f&zk 
tcj: g , (23) &&tf (28) ^s-jSM-r^. Y^rrfl^ 

■\>-7 J v ( t ) . Y)jMuX&a Y ( t ) . Y^rftjt 
£Vy ( t ) ■ RVYQMY ( t ) Z b W 

[0061] ^3 LT*tf>fc, Y*mCBW4^->? 

Y*mw»«$"«i9W-& i c j: •) , s;t-^«Mtt 

ftS-"«BI«#nrttfc LTV .SCOT. JiBSftTOSfcfcft* 
x^- &%>«JilfeMb« £ - b h. zcot& 

[0062]^;. X^lfiJ^WT^X^-^JW-OV^ 
Tifc*flr*WMtfc> ±EWY*|6]<ox-r->'TM»i:H 

is*-7<r)mmc.it*mm*)ti-2> t ti>iz. ^> 
[ o o 6 3 1 Ltzx^-i/mm^mM 

£ mm Ltz . *^M£^£MSS?fc£IE 1 0 (Ct5 ft 



+ B 15 t* + B 14 t* + B ts t* 

+ B 10 -(29) 

[0 064] wdt-Ji. ')xy^f-x4 4St f l'f? 

»fc LT06C5*$*i.4 J: 3SrR3l£®«E f (fS 
f2*^PL<03fcifi) tf>«ljtLT\ ^xyNW±co^g - y 
hittiSl, S2. S3**?fe(EKjtS*l4*&Sr«fcL 

xv^r-^'44 C7xy>) *^l)-r^c:i:(c«t^T^ 
06-C'(ifilBLJi'7xy^>-ff±L. K5t 

5 (A) - (C) ttJ^T. fltttttHffiL WMttSflttt 
Sar^-T. 4^:. 05 (A) — (C) (cfcivc. 

L , T,{iB5gB#^*^L. T 2 «gl7tB§^^^t. T 
[0065] llr^i: L-T . V^X^r-iSA 4 (c$KE§ 

[0066] zcovmx\ mimm&mmi$s5 o<±. 
mm<v£ o (w t-c*«>fcii«aT 0 oj» -r^^*>m 1 
fi«y 3 -y vffl&s \<r>7^^%<r>tz>^cr>tmmm^z 
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fctt*. 3ffig*t^ffiV H)t (t) ( = 0 [m/s] ) RZS 

msesiHtmv u1 (t) £aj?rt£>. i*oaMa6^ttv By 

( t ) LT&jgSftS. 

[0067]^l#S^y 3 *M«SltBt4jaE 
ff^JfflfS (^T 2 crmm) X'li. 05(B) 
ftSidK, Y^fiiljgVy (t) £V W0 [m/s] 

V v ( t ) $-0 [m/s] ■jfr&V.o (t ) "simth, 

Ly ( t io ) = Ly<) , Ly ( 

Vy (t 10 ) =0 , Vy ( 

[00681 ^3 ixn^ixtzmm&<7)^Y^m^ 
Vy < t ) mmnm 2 vy&m&im&M 5 0 w v 
HY (t ). fci/cn^u <rfLCjetr. m&nmiw 
^XT-ismmmffl%5 2yii 05 <b) dsha 

ilLy ( t) fctaidtefxyvx^-s^fc+Y* 

V RC (t) =-4V v (t) 
tl^')IiA%4. Lto6*-»T» mi£com2t l z?jkZiig ) 
J: ate. »BaH*f^»5 0#S^LfcV,,, (t) 2:4 
telXS&&mv R (t ) ttikitfc. (31)5$ 
tcfctt^jEmra^^P I n>hn-5 6 OYiiilfMSIS 
K RR t T'©JKU C3h.fca^V^T±*J»* 1 8*>Vf? 
/M§f&.Xf— : J 3 4 CO Y^ftA^KiSr WW*"* >T t (C 
iO, H5 (C) {C^$il^g^{4SL R c ( t ) iO^tS 

®MX'u*?)i-®MX7—~;3 4tftommmzti& . 

[0070] U-f-^/HWB^^-yMWJRS 6 

4 ct & u^-^fumm^~ : J3 4 oju^iEKji: rising 

[007 1] Zo LX. «HBT 0 <7)KBrao^TB#tC*5V> 
T, -)x./Uf-y4 4IJ, -e^iD^TGa (= (L 

xo. Lvis ) ) a^osna^TaLK ( = (o, 

v H0 ) ) fc$r6. v^^)V^mx^-V3(>\t. 
%<r>Wm-T®m. ( = L RC1S ) S^c7)iDjS^T3$JK 
( = V R0 = -4V H0 ) fcfr*. 

[ o o 7 2 ] mz. ffigffi®mgmi& 5 oii, b$i§jt 

H (t) ( = 0 [m/s] ) . aififtKJS^fflV 

«y (t) (=V W0 [m/s] ) $-til*-r-&„ dfUCjEC 

X . ^x^xx-i/4 4 i: U-f-?;WiH».xf— 6 i: 

X-r- 5/4 4Sy r Uf-^^fflWX-r-> ; 3 4 tc&H LT 

uf-? /usifiix^f- y 3 6 K&fe lt o & nmni&mtf 

X. *x/\x?-5/4 4li, *<aKT<fc»< = (L xo , 

ut. zwmTim (=l RC i T ) ) km*, ztt^t^r 



zn+Y^fa^ntmmmiz&Hhtm^^ 

X, m^Xy--i^mn<^WMf,zm^ux . Y^rfatiH 

t 1 4 ( = ti 0 +T() ) ) =Lyi S , 

t I4 )=V H0 -(3 0) 

[0 06 9]— Z<7)tt<?>l'j-7fUm)XT—> ; 3 
4cr>Yjjftcr>3immii. 15 (C) t^$ft&L 

RC ( t ) x~h&tf, \y^)vmmxy—=j3 4<r>m^Y 

#frj$JgV RC (t) (i. *>x>v*?— y4 4«HY* 
rtiaut v ¥ ( t ) , 

-(31) 

{2E^\ 05&t^6(Ci5V^{4SS lat LX^tl 

[0073] JiLt?) i o &Hftrgl£E f Wpfatf&Ofr 

{MiU 2«0H^«0g3H^l Ltfl-f-? 
;l>R±<?3KWB««*SSIBL«r^ J: a^Tfc 1 ), ^x 

[0 074] gi&«6#. H>rlE#t6ajK^S5 0ii. 1^ 

ffiv wx (t) ( = 0 [m/s] ) , sxmmiHtmvm 

(t) (=V W0 [m/s] ) ?rai*-ri>. ^ilCJEt 
■C, »>xy\^-r-> :; 4 4 tV*? lV®(MX : T—i?3 6b 

RW^-yoi*«t4„ ^x 
y^x-^'4 4 t V^?>vmhXT~- : J3 6ii.Yl5fa$: 

mmzKKmi<zmfe<nmm£X'mm%w®ML. mt 

^x/\w±«oix>'x h fctftl«3KSiti . Z0>£ otefe 

w±<t)v-h v hmms nzm'msfztiz . ttx.m 
[0075] mz. mtffi®mmmL&5 on. mmco 

hffl&ntzfrnXT'yVyrRWmmmz&rt 
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[ o o 7 6 ] i-r. a*»*«v„ < t > o*»*s:R 

7-th 05(A) tfMSHITs tfjJKIIBfctttvc, X* 

XjjfommVi ( t ) #0 [m/s] T'£>>5\ X 
^■|6l^^»^TD#OX^^aSV x < t ) #0 [m/ 

s] r**jfiw*«*6«)r. b$ht 3 iowra^iH5 
(a) c^ixsidc:. a-ranawiiaiTa £fs^u 

5 (a) Ti4. jDajwarr. <?m7<Q»t <tzmmm 

[ 0 0 7 7 J -e L T » ^< fc t JSaDHHTj ton 

L?. ( 1 1 0 ) = L x 1 0 • L x 
V x ( t 10 ) =V X10 , V x 
SrflSIMfefrkLTTttffl-r*. 5Ei!cL xlfl . V X10 

[ 0 0 s 0 ] tt:. Mmmmr a ^com^cox'r-^m 

Lx ( t io ) = L xo , L x ( 
V x (t 10 ) =0 . v x ( 

[ 0 0 8 1 ] Z 3 LTft^^cifeaflWrt, X:fr[6]j&g 

v x ( t ) mmcnm 2 <mmmM&.^s 5 0 tmm% 

^fflV HX (t) i: LTH^f &. 
[0082]«:(:, aHtft^fittv 8y ( t ) ra&*»>;fr5:f& 

T**»7f*k, 05(B) IZfjkZtl&XolZ. EffflT 

mtmnvij&mBevi < t > **v wo [ m/s ] ( -r & 

(t«.^x.n^x-> ? 4 4^#l6mK) T'$> 0, Y 

Ly ( t 1 q ) = Ly 1 g , Ly 
Vy ( t 10 ) =V H0 . Vy 

%$7Y{3M 

[0084]:^ Lxm^txtzmm&<r,n. vxftjm. 

V Y ( t ) »^ttaLS%±« 5 0 jWIgHfrfrttV 
[ 0 0 8 5 ] C 3 LT»«MB0&£« 5 0 

jK^<av HX ( t ) srxiijK^ffiv BY ( t ) ciEt 

T* |ti^a2c7)^x^Xx->'"3SJg.1'JfflI^5 2Xte. 



mfizti&j&gmftmx'h*) . <r<9Bwr 2 £umc«ci 
t >x x- > r 4 4 fca£HaaR»#»*-r * "Twas* 1 
0*0. stB#raT 2 <7)imizi£\,ww. tmmsi 

T d t*i)>bX-bh. 

[0078] $r*s, Jnj2»JI§T a fcoivC fc «B4<0>t-f- 

MagmaT d izax-mmLtzigfeizikKx . 

B#f^T 3 <OfiJfS^T^P^fcV>T ^XVSX-r— >-'4 4 lZ 

[0079] MiiffiHT,, wm^^-imwnm. 

( t„ ( = t 10 +T d ) ) =L X0 + ,e x , 
(t u )=0 -(32) 

1 1 4 ( = 1 1 0 + T a ) ) =L X10 , 
t, 4 )=V xl0 -(33) 

H0 [m/s] SS2#S<?)>'a«y MfflSBW- 

&^mftmiz£>iiz>'yxjsAT- : J4 4cr>&mmm) 
x-$>hies&tf$)&<7)X\ b$^t 3 onHBKi-Y^nfti^ 

[0083] zn-Yijfowm&mffiiztiiiziitimiz 

mizbtz-i xn. m&<?mft<m-<s> ~® \mmx°h& 
t>K • RV* (mx&mzKi-x , 

( tj 4 ( = "tjQ+T3 ) ) = Ly 2 $ » 

(t H ) =-V H0 ... (32) 

05 (A) cog^idaiL x (t) ^UJ:3Wx;u 
-f-iM 4 SrX^fc^jQjf • M^IE8H-|> tbUz. 
x>^f— y3MEWJ»*5 2Yti. 05(B) <DBH«i 
iiL Y (t ) &t &J:3fc:'?x;\x-f-i< ? 4 4^- Y^r 

5 4{i. 05 (C) og^«iiIL RC ( t) $-t&J:3t 
^f-^yuffii&xf—^' 3 4 + Y^fa^mwmth t 
bt>lZ. U^-^tl^mXT-=J5 6ii.. ^x./NX-r-^* 
SlgftJ®^ 5 2 Ytci s -)XAXf-y4 4 <otjni£igifi 
l^f-^/Pffll6X7 i -^jlJK$i]^54(cJ;|>^^-^ 
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[0086] z? lx . mmr 3 owmo&Tmz&i^ 

ts ^x/NXx-:x*4 4ti, -e«0jiM^T{4S (= (L 

xo+>3 x . L V2£ ) ) &v*<?amRTmi (= (o, 

-V H0 ) ) Uf-^WWtt.*-?— S>3 6 

»a. -e<7)jo5i*iT{2a ( = l RC2S ) Az/z<7)tum&-Tm. 

£ ( = v R0 = 4V W0 ) fc5r*. 

[ 0 0 8 7 ] &(c. HUie^iiJ&Jgi&fefl 5 0(2. B#^T 

HX ( t ) ( = 0 [m/s ] ) . &xm&$Htmv 
■v (t) (=-v wo [m/s] ) tmaj-r*. ^ficjts 

tT. ^xy\Xr-v ! 4 4tU'f-^/^i&^7 i -i/3 6 

4&lAV^^;l/S»Xr-^3 4(ceHL 
T u*- 2 A-ttft*?-- 5* 3 6 izftSE. IX ^Zimnl&M 
i)*mt>ti&. Z o LT. B^T, <olWffl^Ti*fc:*JV* 
T» ->x;uf-y4 4«, -e^RTtt* (= (L xo + 
£ x . L Y2I ( = L Y1E ) ) ) ttz. \s*7ll< 

fW»^f—^*3 6li, *<9»7fiiE ( = L RC2T ( = L 
rcie) ) fcM&. Cil^^TfiS* 4 , 05S.t^l36(C 

[0088] 3ISflE». «IE8«KiieS44»5 0tt, 

ibt 2 ^nm, -r**>^3QEK3t»!iatc*itt&j«Kj&^ 
<tv„ (t) (=0 [m/s] ) . RTfmmfe&mvw 

(t) (—v., [m/s] ) Zttittz. ^ftfcj: 
0. «3fcWKEf , l/f?^atXf-y'3 6, >>X/\ 
^.-r-i/4 4 ^aE*T|6|*»v' 3 -y hffiJSS 1 fc ti£*ffa 
(H5 (B).H5 (C), 06#H3) % 5^ 

3 y hffl^s 1 1 mmw^mmzx o , u?-7^r± 

O^-ioi^g -y h^JSS 2«0W-x^ H^hSE^ 
<I ? LT. E3t^<O^L>*^3 -y MSiSS 1 O 

[0089] >I<7)m. 3 y h^lgfO^^OjIMra 

<B$raT 3 cow®) . msm® (isist, o^fa) . a 
ifjtaEKftwna (b#^t 2 ^^ra) izts^x. imam 
2ms^->3 yhmm^ziibcn^tmmizLx^ 

3 .y H««fc:|frMK^$*l4 . 

[0090] mtmwbtz <t d ic. 2t5^jfejg®tj(t§si 

wt^Os ±nmmmz)5\^xis^-7cr>mfflm 
iktmtmx'ib*) . s J*—7tfjE.omsBixf&<* 
-fwncommwzti&xizts^x . v*r-?<rm^g. 

70Mffl^<tizm-?z>iibmm&tttfimzix&. zom 

^* i JWl5iJ$*l6<7)T\ X-f- ^B^Bf^ (T, ) *r 

J LY ( t ) =a 21 t +b 2 , 
Jly (t) = a 22 t + b 22 



[0091 ] CJR2Ol0t^B> i3lT: *5tan<?)Wl2cr> 

mmm.*. miRvmsizm^xmwtz* *mm 
3 s.i/n4 iz&uz .mmt 10 fr hmm t M * t-^«b 

jfflia) om. fi^tc^^-^^fto^fg (H3atxn4 

fc^)featLT, £ft&*>l!HISI«0lHte&^-?a«0 [m/ 

s 3 ] <omfeWLnhzt\ziim&irr&. vxr. zco 

£.&<t»blzmWi-&. 5rfc, IXTcr>mmz$>t:~>X, m 

mnmmizim-fftZttL. sm-zmtzmi*? 
h. 

[0092] *mtmmcr>7£%m®x.mwiz .mwm 
ffi&mb mmiz . tu^oii 1 izta itzm&mnmnm. 1 

OfcHWtWjRSit*^ ±«J«PiRl 8(CJ:-S. 
/Pffl»XT--v'3 4S^/^xy^Xx-> : 4 4C0iDiI®^ 

[0093] mz, *mmrnAz&n&XT-i*fim*> 
wMiz^xm B n-tz>, Y^nfijtgg-rsxx-^' 

[0094] Y*r«4t:BW«^-f—v ! M»«>»^fc:jb7t 

0, JBi^njtjgjBtiBHjMc. mmtcomm.bLx. m 

1 L-T«OjPiSBa46^J t s < = 1 2 o ) *»&SS 6 

^B§^|fc tTtOJo^T^J t K ( = 1 25 ) ±X'<?M0> 
YfiBKY ( t ) . Y^r6]^V Y ( t ) . Y^[6]Jp^K 

«v (t) „ -BafY-tifoi;*-? j Y (t) ^#/.^> 0 

[0095] t-T. JDiBBHttB#«lt 2 o*»^JDi«»Tl«S!l 
t 2& 4T-i0P^wlo^T, 2/>— ^J Y (t) *»*0*»4,i8 

jnf zmrnb Lx., MimmTmt 20 frt>m2<ovifmb 
txcr>mit 21 tx-nimz. it*— 7 J Y ( t ) ^'0 

*TifeH-4»jBfc L"C> ^Jt 21 *»4>^3C0B#^iJi: L 
T<0^t 22 4T*<0«BSS:^-rS. ifc, >->-^J 
y ( t ) ^OWfflBlk tT. B#^iJt 22 *^^4<7)B#Mi: 
LT<W3fflt 2a 4-C<0»iiaSrlSiS6-r&. ££>(C 
^ J Y ( t ) *»0*>^«^&J«iafc L/C, «rlM t 23 *» 

hms<r>nmb Lx<ommt 2i tx'<m^ . ttz. =j 

a— ^J Y (t ) 3&JO*Tilttlrt-4«BIi: LT, ^Mt 

24*^"**Jt25*T<Oj«IBI«rRje-r*. *LT, 

?J Y (t ) ^0t-r4B**It 2 j3&»^B*Mt i 8**C > O»l 

(oummji, (t) izi$Mi-&. ^rfc s B#^jt 22 s.t/ 

[0 09 6] -t^h-h, mi (A) (C^$ii^J:ei(C. 

(t 20 Stgt 2l ) -(33) 
(t n gtgt 2! ) -(34) 
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Jlv ( t ) =0 

J L y ( t ) = a 24 t + b 24 

Jlv ( t ) =a 25 t + b 25 
tCl£S:"f"'S« iCT. a 21% a 22 , a 24% a 2 5. b 21 , 
b 22 . b 24 . b 25 {i5El5rT'&&„ 

( ^22 "^20 ^ ^ ( "^23 ) 

Kc-o X v ^ &iM 1 23 *^B§M 1 25 2 -C<0B#SSr+^(c«i 

±zwmthtz#>X'bh. 

a LY (t) = (am/2) t 2 +b 2 ,t + c 2 , 



(t t2 £t£t t> ) -(35) 
( t 23 gtgt 24 ) - ( 36 ) 
(t t4 StSt„) -( 37 ) 

10097] *mtmBiz&^xii.. 

- (38) 

[00983 ±l£^ ( 3 3 ) - ( 3 7 ) iMcS^'WC, 

juaca^-ts ^ t iz x o . &mm£&ifztnmmct 
ly ( t ) . &gv LY ( t ) . Rz/imYi ( t ) 

[00993 -T^*> . iojf Jg« LY ( t ) 14. 









(t 20 St^t 21 ) 


- (39) 


aLY 


(t ) 


= (a 22 /2) t* 


+ b 22 t + c 22 










(t 2 ,stst 22 ) 


- (40) 


aLY 


(t ) 


= a 23 


(t 22 gtSt 23 ) 


-(41) 


a L » 


(t) 


= (a 24 /2) t 2 


+ b 24 "t + C 24 










(t :3 StSt 21 ) 


- (4 2) 


a L Y 


(t) 


= (a 25 /2) t 2 


+ b 25 t + c 25 










(t 24 StsSt 25 > 


- (4 3) 




C 2i ^ C 2 2 s 







C 24 . 



V L y 



a S8 J4«:*3!nia*fc LT 
(t ) = (a 8l /6) t* 



[0 1 003 S£KV LY ( t ) 14, 



V, Y (t ) = (a 22 /6) ta + 



V LY ( t ) =a 23 t + d 23 
V LY (t) = (a 24 /6) t3 

V LY ( t ) = (a 25 /'6 ) t3 



i:** (@7 (o mm) . c 

d 23 . d 24 , d 26 »im#5E$rC'£>S. 

Y L ( t ) = 

Y L ( t > = 

Y L ( t ) = 



'21 



d 22 > 



(b n /2) t 2 +c 21 
( t 20 gtSt 2 , ) 

(b 22 /2) t 2 +C 22 
(t 21 gt^t 22 ) 

( t 22 St^t 23 ) 
+ (b 24 /2) t 2 + c 24 

(t 23 ^t£t 24 ) 
+ (b 25 /2) t 2 +c 26 t + d 26 

(t M £t£t„> -(48) 

[0 10 13 ifc, {5KY L (t)<4. 



t + d 2 j 
... (44) 

t + d 22 
... (45) 

- (4 6) 
t + d 24 
(47) 



(an/24) t* 
+ d 21 t + e 21 

( a 22 /2 4) t* 
+ d 22 t + e 

22 



Y, ( t ) = 



btzh (07 (D) #81) . 
e 23 . e 24 , e 25 

[0102] Z\5 LX. ifiibioixtc ( 3 3 ) - ( 3 7 ) 
5$&l>* (39)^(53) &.<7)22m<?)&m&$t.a. 2i . 
b 2i . c 2i . ( i = 1 . 2 . 4 . 5 ) , d 2i% e 2i ( i 

= i~5) Ri/mmt tiRt/mtatta t^o 24 no* 



+ <b 2! /6) ts + (c 21 /2> t* 
(t 20 StSt 2l ) -(49) 
+ (b 22 /6) t 3 + (c 22 /2 ) t 2 
(t n gt£t 22 ) -( 5 0 ) 
<a 23 /2) t 2 +d 

23 t + e 23 

(t 22 St^t 23 ) -(51) 
+ <b 24 /6) ta + (c 24 /2 ) t 2 
(t 23 gtSt„) -(52) 
+ (b 25 ./6) t 3 + (c 25 /2 ) t 2 
(t 2 ,stgt !5 ) -(53) 

® ( 3 3 ) - ( 3 7 ) £(C£»vc . J L y ( t > 

J LY (t 22 ) =J LY ( t„) =0 [m/s* ] Ti>&Z 

® ( 3 9 ) - ( 4 3 ) ^(C±3V^ . 1|Q^K«ly ( t ) 



(t) = (a 2 ,/24) t* 
+ d 24 t + e 24 
( a 26 / 24 ) t« 
+ d 2 5 1 + e 2 5 

e 21 - e 22^ 
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tf.tfatj,, t 22 , t 2S , t ti Tmmt%«). mz. 

a iv ( t 22 ) —a u ( t 23 ) = ar 23 [m/s 2 ] X"hh 

9 ( 4 4 > - ( 4 8 > ^tcfcoT, aacv ly ( t ) 

#4<ffl) . 

Jlv (t 29 ) =J[,y (t 2 5) =0 
«LY < t 20 ) =a LV (t 25 ) =0 

(H7 (C) lasnttt. V 20 = O [m/s] ) fcU 

V LV (t„) =V 20 [m/s] , 
V L » <t 25 ) =V B0 [m/s] 
<igJMfefr2ffl) . 

• tmmmnYtiai&Yio t u jpjS**tb#<7>y&s 

Y L (t„) =Y 20 [m] , Y L 
Tfc&Cfc (*g#&f*2ffl) . 
[0 1 0 3] jajLwJjdfcLT. Y^mziMZtiX^ 

%\>y*mTmiYii[M. (=y 20 ) &xmmijfm& 

(=v 20 ) Y^risji»-^j 

, ( t ) £isiawcii«3afcs-tj-oo, wa^sa ( = 

t 25 ) fcrflffioYfiBl (=y 24 ) TWaoY^riftiiSJK 
(=V„)J:« ( Yffli;WJ, (t).Y^rtl 

joiij^cy ( t ) , y*Wj«kv, ( t ) % awfflai 

Y ( t ) <0-«*«*44. 

[0 104] act, HStc^Sit&J:^ l**Jt 20 *» 
^»t„i TS> 5** - ? « ■ffiBWfcRlflMfl t , 3 
B$£n 25 iT-^-^^^SWbWIB^Sfti: Lfc« 

Y ( t ) =A 27 t" +A 26 te 

+ A 22 t 2 + A 21 t 

t -th z. t o , mz&kft -^rn^t s Y*m ^> - ? 

Jy ( t ) „ YTTfaimg.a H ( t ) . Y^rfi]i$SV y 

( t ) . st^YfitsY ( t ) srjfcjrr*. >$Dt 

Y ( t ) = B 27 1 7 + B 26 t s 

+ B 22 t 2 +B 21 t 
fc^iCktCiO, *JMWS:«Ji-f*Y-fr[flj>'>-? 

j y ( t ) . Y*rtjpatK« Y ( t > . Y^mauev, 
( t ) . at^'YfiiSY ( t ) *#&tt. 
[0106] *nwmx'\<±. m i emwmt mm 
iz, ±xw%Ltz*mmmaA7---i'fflfflv>Mm$:& 

a*. wa^)H5K:*j(t&ieiaT D <ojtBiBaifl*iaT, 

dV HX ( t ) StX3L^}&^fflV Hy ( t ) Zftj]-thZ.h 

-^'3 6, fi.t/^x/N^^-^4 4 O^E!jt!)f^*Jffll$ 
ft*. 

[0107] z<mm. m i omm&mt mmiz, m& 



9 ( 4 9 ) — ( 5 3 ) S^Cfc^T. ftSYt. ( t ) 

s#Mt 21 . t 22 . t 23 . t 2i x'&mktc&zt (m&zk 

• ^Jt 20 WB«t(i^{ifi : ^ii'C*>4»^, e*3at 20 T 

jpj££ipi«? ltbsm 1 26 t«*i7 1 . Mmnumz 

[m/ S 3 ] , 

[m/s! ] ... ( 54 ) 

jQ3ff&?)gs&£. -ttcirhmntisiz&if&mmzv 

H0 [m/s ] i: LT, 



■••(5 5) 

£ Y 25 b LT\ 

( t 25 ) =Y 26 [m] - (56) 

Sf$*lTV^>«t'tJJ»JYftg ( = Y 20 ) &I/W8Y 
^rraiiSJK (=V„) t*&^xy\^-r-^'44S:, Y^ 
Jy ( t ) *B#BIWfciBBBEfl:§-tir3o. F/r 

mob#m ( = 1 25 ) tcBfa^Yffijt ( = y 25 ) x*mm.<r> 

Y1T1W& (=V W0 ) fc-fS. Y^|6jx>-^J 
Y UK Y^jfajDj&gay ( t ) , Y*|ftjjSfl|V 

y ( t ) . RVYtiimY ( t ) £ . hi <nmmmt m 
mizLxi&frh. 

[0 10 5] Bt^Jt 20 ;!>^^lJt 22 iT'<7)ffl 
Pimcfctf&Y&gY (t) ^B$S«7iXBgif. 

+ A 25 t5 +A 24 t« +A 23 t3 
+ A 20 -( 5 7 ) 

283&»4>"*»it 2 5 4 , c««isifc:j3ft*Y{aaY (t) 

+ B 25 t6 +B 24 t^ +B 23 ts 
+ B 20 -( 58) 

comet mm<7)WiML zmftffl&co*>kE f o o 

[0108] liLtift^L/v: X o fc. *HS&M^Jtl»SI 

r&m^itwmmx'*)*). &l is*-?tfiE<DM 

fflRViS^ -9 if%<r>m^<r>^i\^fi\iz^x . ^> - 
b#s (t, ) £jg<"* U;^t« * 
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[o 1 09] *fc, *mtmm.X'U. turn* ft (mra^ 
m 7 Rvmsizti ^ h . ®m\ 1 2 0 &t>mm 1 2 6 s t^sh 

( 0 7 stflas t&tt & . mm t 2 0 *^^j 1 2 1 4 -co 

$13) *>f*. mt>£i?-*-7tf*<v!m (07#.tf08 
tfcit-S.. B#^Jt 23 ^^B#^jt 25 ^T'^fflS) £ii&rt!- 
ft. iKfeWHIB^Wfe^-r-^^O [m/s' ] ^ 
mill <H7&tfH8fc:*«t*, B#Mt 22 ^^B#^Jt 23 t 

•cowia) mmmm^iztuf&m^nm 

* T'^J 1 2 2 A> £ B$£iJ 1 2 3 4 T* Xx- i^flnil $ ft 6 . 

( v H0 ) t-cismrt tziz. &*%mmz>bz 

[0110] ±3&r>mW®K\*. >)xAXf-y«± 

aSSBfSlKiS^T^-^^O [m/s3 ] WHliaSrRtt 
*JUiRlt2rVMWfc L*:*\ -aws^-^jPO Cm/ 
s3 ] <a*BIU*-i£H\ «drtC5**-**«b [m/ S 3 ] 

•rt ^^-^ifi^mmm^^mm^z^x , 

^«B«IB6fl:tl»*TOfirfc«)i:Lfc*«. 123 (A)*S» 
07(A) iz^tihXolz. mtiMX'^ti^fS^ 
ItZ&m-fZ £ k i>~*I&X'b h . ZixizX^Xt. 

-?<?>mffi£immmtot%&e>x\ femt&^x. in 
m&Tm&z&ii&AT-is<?)mfflfomm£i&m-z>z: 

[0 1123 

l¥tm<r>M5kl £Lk. mWtzmWLt:*. olz. IS^Jgl 
-6l:SI,xf- i/MWrHmz X ixif. x-r- i^flnil 
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to 1 1 33 4fc. m-$mnz&&7!=&mm%Mw.iz± 
tuf, immi^e^-m^xf—^mm^mizx 

->X . ^xjsXt-^RW^-^ foXr— <b 
[0ffiOfS#=5rftt^3 

[0 1 J ft 1 «H^^fS&^Sfg^E^ffif&£ 
$B&WKijcf0-e$>&. 

[02301 cO^atC^fti.Xx-^iJffll^Oli^S:^ 

[03 3 ftl^ft^^fc^SXx-^iJPOMaS: 
I^-T4^CO0 (-^1 ) (A-D ) . 

[04 3 ft i vmmmzisnh xy—i/mm^mm^ 
tmt&titoam {Z^Dx-bh ( a— d ) . 

[05 3 »}XMXf— ^V)X3frfa<9@tl{£M. *7x;nX 

f— >^ Y^r6)<7) g#(aa<o— #y i^-tmrnx-fo & ( a 

. 

[06 3 m5<onmmiz±v®ftti i ft*>tit:mco®%M 
i&w'b'bomM&^-t^mmx'fo & . 
[0 7 3 ft 2 <r>mtmmizi>ii& x^-^mm^mmz: 

im-thtztb(Dm (%cr>\) X'foh < A~D ) . 

[08 3 &2cr>mtmm< l z}5{i&XT-> ; fflw<7)m®z 

5>. 4 ^ (l«Xf- >-*) . 5 2X- 

X^^X^Xx-v-'flJffll^ (W^O— gP) . 52Y 
• YXfaVJUSXT-iSfflVm (*JP^-SI5) . 5 4 
-W^/H»Xf- S'fMWK (SiJffll^-gP) . 5 6 
■■■U+7j\sffiMx"r-iSfflffl&. R-umu (vx 
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[H73 




V2D"twl2\l2? U3 I* tZS 




123 tfr tlS 



[08] 



(A) 



CD) 




t20 t?2 



t2o tn 
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